OIL potassium content is a limiting factor of wheat growth and productivity, as it is one of the most important major elements for plant growth. The Need for optimizing use of potassium fertilization using natural amendments is growing up parallel with the accelerating increase in fertilizer prices. A field experiment was carried out during 2014-2015 growing season in Salehia, Egypt. The aim of the study is to investigate the effect of different sources of potassium fertilizers (potassium sulphate and potassium feldspar) at the recommended rate (95 kg K ha -1 ) and either single or in combination with organic amendments ,i.e. chicken manure (Ch.M) and farmyard manure (FYM) with silicate dissolving bacteria (SDB) on yield and nutrients uptake by wheat. The results indicated that the highest values of dry matter yield of wheat, biological yield, protein content, NPK -uptake and available potassium in soil were observed at the treatment of (K sulphate or K-feldspar + Ch.M) in the presence of SDB. Dry matter yield of straw and grain ranged from 8.53 to 11.79 and 5.94 to 8.11 Mg ha -1 , respectively. Based on thesa results, the available potassium was remarkably increased after 60 and 90 days and then decreased at 150 days at all treatments for application of potassium sources and organic amendments with SDB.
Introduction
Wheat is considered a very important cereal crop for many countries all over the world. In Egypt, there is a great gap between consumption and production of wheat (FAO, 2011) . Potassium (K) is required by crop plants in a large quantity as its concentration in plant biomass is at the second place just after nitrogen (Syers 1998 and Römheld & Kirkby, 2010) . Potassium content in clayey soils ranges from 0.4 to 30 g/kg K, distributed between K available to plants (Kavail, i.e . solution K and exchangeable K); fixed K and structural K in K-bearing feldspars and layer silicates (Huang, 2005 , Rees et al., 2013 and Edmeades et al., 2014 . Analysis of K availability is standard for judgment of nutritional status of soils; however, a release of fixed K to the available forms takes place when available K is reduced by plant removal (Moritsuka et al., 2004) , microbial activ ity and leaching (Martin and Sparks, 1985) . Feldspar is the name of an important group of rock-forming minerals, which make up perhaps as much as 60% of Earth ' s crust. Feldspars crystallize from magma in both intrusive rocks; they may occur as compact minerals as, veins and present in many types of metamorphic rocks. Feldspars may also be found in many types of sedimentary rocks. In addition, the main source of potassium in soil is primary alumino-silicates, which include K-feldspar. Darwish, 2008 and Hemasheenee et al., 2017) .
Organic amendments are soil improving agents. The application of such amendments could improve the retentive capacity of sandy soil for water and fertilization nutrients and also may help in improving the unfavorable structure and in increasing nutrients availability in soil Mutmainnah, 2016 and Voelkner, 2017) . As the majority of Egyptian soils are new reclaimed desert soils, they are poor or marginal in nutrient status and need adequate fertilization supply to sustain high productivity (Badr et al., 2006) . Potassium is a major essential macronutrient for plant growth and development and soluble K -fertilizers commonly applied to replace removed minerals for optimizing yield. Rock potassium materials are cheaper sources of K; however, most of them are not readily available to a plant because the minerals are released slowly and their use as a fertilizer often causes insignificant yield increases of current crop (Sheng & Zapata & Roy, 2004) . Han et al. (2006) reported that the combined application of rock P and K materials with co-inoculation of both bacteria (P + K) DB that solubilize them might provide a faster and continuous supply of P and K which maximizes plant growth. Priyono and Gilkes (2008) evaluated the effectiveness of intensively milled gneiss and potassium feldspars as K-fertilizers through a glasshouse experiment with ryegrass. They found that the application of K-Silicate Rock Fertilizer (K-SRF) will be most advantageous for amending K-deficient soils.
Potassium solubilizing bacteria is an aerobic bacteria which plays a significant role in maintaining soil structure by their contribution in the formation and stabilization of waterstable soil aggregates (Zakaria, 2009 , Vessey, 2003 , Sheng, 2005 , Setiawati, Handayanto, 2010 , Ekin, 2010 and Setiawati & Mutmainnah, 2016 . Moreover, KSB are able to solubilize rock K mineral powder, such as micas, illite and orthoclases (feldspar), and also extract K from soil organic matter. Abd El-Hakeem and Fekry (2014) found that the application of potassium sulphate plus K-feldspar with SDB increased yield, NPK-uptake and quality of tuber roots and total sugar in sweet potato. Badr et al. (2006) found that the dry matter of sorghum plants inoculated with silicate dissolving bacteria (SBS strain) and supplied with minerals (feldspar and rock phosphate) increased by 48%, 65% and 58% for clay, sandy and calcareous soil, respectively, compared to the plants supplied with minerals alone. Hellal et al. (2009) reported that the application of organic amendments with feldspar gave the highest values of yield and NPK-uptake by faba bean plants. Abdel-Salam and Shams (2012) and Labib et al. (2012) reported that the addition of potassium sulphate mixed with Kfeldspar in the presence of SDB gave the highest values of quality potato tubers, total yield and NPK uptake in tubers and shoots by potato plants. The present work aims to evaluate the efficiency of potassium fertilizers (potassium sulphate and K-feldspar) as influenced by different organic amendments application with and without silicate dissolving bacteria (SDB), ( Bacillus circullans) and their effect on potassium availability, yield and nutrients uptake of wheat plants in sandy soil conditions.
Materials and Methods

Experiment set up and design
A field experiment was carried out in 2014-2015 growing season at Salehia, Egypt to study the effect of the efficiency of K fertilization (K-sulphate and K-feldspar) as influenced by different organic amendments , i.e. chicken manure (Ch.M) and farmyard manure (FYM) application with or without silicate dissolving bacteria (SDB), (Bacillus circullans) and their effect on yield and nutrients uptake of wheat plants (Triticum aestivum L, cv. Sakha 93). The physical and chemical properties of the soil determined according to Piper (1951) , Black et al. (1965) and Jackson (1973) was added during the growing period (after 15 , 40 and 60 days) in three equal doses. Chicken manure (Ch.M) and farmyard manure (FYM) were added at a rate of 20 Mg ha -1 ) to the soil at a depth of 20 cm before planting. Some characteristics of organic amendments are shown in Table 2 . Potassium sulphate (400 g K kg -1 ) and K-feldspar (94 g K kg -1 ) were added to the soil before planting at the recommended rate (95 kg ha -1 ). The biofertilizer, silicate dissolving bacteria (SDB), (Bacillus circullans) was attained from the Microbiology Department, National Research Centre, Cairo, Egypt. The biofertilizer, silicate dissolving bacteria was inoculated in a concentration of (1×10 10 CFU ml -1 ) at a rate of 20 ml kg -1 potassium sulphate or K-feldspar to mix with soil before planting and irrigation (Badr et al., 2006) .
Chemical analyses
Plants were harvested at three times in three stages , i.e. 40, 70 and 150 days from sowing; corresponding to tillering, booting and harvest stages , respectively. Plant samples were dried at 70 ˚C for 72 hr, weighed, ground and analyzed for total nitrogen, phosphorus and potassium. At harvest, plants were separated into straw and grains and digested with concentration H 2 SO 4 / HCLO 4 (Chapman and Pratt, 1961) . Total N was determined using the Micro-Kjeldahl method according to Chapman and Pratt (1961) . P and K were determined in digests of concentration H 2 SO 4 /HCLO 4 according to Chapman and Pratt (1961) . Measurements of P were done colorimetrically using ascorbic acid (Watanabe and Olsen, 1965) , while K was measured by flame photometer (Chapman and Pratt, 1961) . Protein percentage "yield quality" in grains was calculated by multiplying N% × 5.70 (Bishni and Hughes, 1979) . Soil samples were taken at intervals of 60, 90 and 150 days after sowing.
Statistical analyses
All the obtained data such as dry weight at tillering and butting stages , straw and grains dry weight, straw and grains N, P, K -uptake were statistically analyzed (LSD at 0.05) according to the method described by Russell (1991) .
Results and Discussion
Dry weight
In the present experiment, dry matter yield of wheat plants at tillering, booting stages, harvest (straw and grains) stages, biological yield, weight 1000 grain and protein content were significantly affected by the interaction between potassium fertilizer, organic amendments and silicate dissolving bacteria (Table 3 ). The highest values were observed at the treatment of (K-sulphate or K-feldspar + Ch.M) in the presence of SDB, while the lowest values were obtained with untreated soil (without organic amendments and SDB). Dry matter yield of straw and grain at harvesting stage ranged from 8.53 to 11.79 and 5.94 to 8.11 Mg ha -1 , respectively. These results agre with those obtained by Abdel-Salam and Shams (2012) and Abd El-Hakeem & Fekry (2014) .
Regarding the mean effect of organic amendments addition, the data show that using chicken manure combined with SDB gave the highest values of dry matter yield, biological yield and protein content comparing with the application of FYM using K sulphate or K-feldspar (Table  1) . These results may be attributed to increase the utilization of growing plants from chicken manure than farmyard manure, which is due to the decomposition rate of chicken manure was faster than that of FYM as reported by Hassan et al. (2002) , Hellal et al. (2009 ), Manning (2010 and Merwad et al. (2013) .
Data showed that the application of SDB increased grain dry weight compared to the untreated ones. These increases represent 6, 3, 3 % in the case of K sulphate for the treatments of without, Ch.M and FYM, respectively and 5.6, 3.4 and 3% of K-feldspar for the same treatments, respectively. These results are in agreement with those of Gad (2001) who reported that biofertilization on plants increased growth and yield.
On the other hand, treatments under K sulphate gave higher values of grain dry weight than those under K-feldspar. These increases represent 2.3, 3.6 and 1.1% in the presence of SDB for the treatments of without, Ch.M and FYM, respectively, while the increases represent 1.8, 4, 2.3 and 13 % in the absence of SDB application for the same treatments, respectively.
The application of biofertilizer, silicate dissolving bacteria (SDB) to K-feldspar increased biological yield, weight of 1000 grain, protein content and straw and grains yield. Silicate dissolving bacteria play an important role in the formation of humus in soil, the cycling of other minerals tied up in organic matter (Zakaria, 2009) . Also, it can be able to solubilize rock -K mineral powder, such as mica, illite and orthoclases (feldspar), through production and excretion of organic acids or chelate silicon ions to bring K into solution (Ullman et al., 1996 , Badr et al., 2006 , Eweda et al., 2007 , Abou-el-Seoud & Abdel-Megeed, 2012 and Dawwam et al. , 2013 .
Results showed that, the interaction effect (Table 3) .A significant increase in dry weight at tillering and booting stages, weight of 1000 grains and protein content was reported under the interaction of potassium sources, organic amendments and silicate dissolving bacteria compared to untreated soil (Table 3) . Taking the mean effect of interaction between potassium sources, organic amendments and silicate dissolving bacteria into consideration, the data showed that the application of K-sulphate or K-feldspare combined with chicken manure and silicate dissolving bacteria gave a significant increase (P<0.05) at all stages in dry weight, biological yield, protein content and weight of 1000 grain compared to other treatments (Setiawati and Mutmainnah, 2016) . Application of potassium sulphate or K-feldspar with organic amendments in the presence of SDB demonstrated good results for plant growth parameters , i.e. dry weight, biological yield, weight of 1000 grain and protein content. Abdel Wahab et al. (2003) declared that the greatest values of plant growth of pea were found in case of compost mixed with potassium feldspar. 
Nutrients uptake
The application of potassium sulphate or K-feldspar with either organic amendment in the presence of SDB, significantly increased N, P and K-uptake by wheat plants at tillering and booting stages as compared to untreated control (Table  4) . The values of N,P and K-uptake at tillering and booting stages ranged from 21.16 to 82.08, 1.5 to 6.86, 22.89 to 78.3 kg ha -1 , respectively at tillering stage and ranged from 35.85 to 138 , 3.16 to 12.28 and 39 to 137 kg ha -1 , respectively at booting stage. The greatest values of N, P and K-uptake of wheat plants at tillering and booting stages were obtained under the application of K sulphate or K-feldspar plus Ch.M in the presence of SDB. The application of silicate dissolving bacteria (SDB) either with potassium sulphate or K-feldspar in the presences of Ch.M or FYM showed favorable effect on N,P and K-uptake of wheat plants at tillering and booting stages compared to treatments without SDB (Table 4) . In this regard, Han et al. (2006) reported that inoculation with potassium solubilizing bacteria (KSB) increased significantly N and K uptake in pepper and cucumber plants especially when the respective rock K was added. Moreover, Ullman et al. (1996) mentioned that this increase was due to the fact that KSB release organic acids which solubilize the insoluble rock K materials. These results are in agreement with those found by Abou-el-Seoud and Abdel-Megeed (2012) and Labib et al. (2012) . The highest values of N, P and K-uptake by straw and grain at harvest stage were observed under the treatment of (K sulphate or K-feldspar + Ch.M) in the presence of SDB, while the lowest values were obtained under the untreated soil (Table 5) . Values of NPK-uptake by straw and grain ranged from 110 to 399, 11 to 32 and 118 to 377 kg ha -1 by straw, respectively and ranged from 66 to 212 , 8.72 to 32.99 and 76.29 to 239 kg ha -1 by grains , respectively.
Data showed that inoculation of SDB increased grain K-uptake compared to the untreated ones. These increases represent 13.5, 6 and 8 % in the case of K sulphate for the treatments of without, Ch.M and FYM, respectively and 27, 5.5 and 9.5% of K-feldspar for the same treatments, respectively. In the same respect, Badr (2006) found that inoculation with SDB (silicate dissolving bacteria) into the composition mass appears to enhance the percentage of available K in the matured compost. Similarly, the response of tomato plants was dramatically enhanced in sandy soil of low K content and its effect was higher than potassium sulfate (Priyanka and Sindhu , 2013) .
On the other hand, treatments under K sulphate gave higher values of grain K-uptake than those under K-feldspar. These increases represent 11.5, 14 and 8.9% in the presence of SDB for the treatments of without, Ch.M and FYM, respectively, while the increases represent 26, 14 and 10.6 % in the absence of SDB application for the same treatments, respectively.
Taking the mean effect of potassium sources into consideration, the data show that the application of potassium sulphate gave a significant increase in N, P and K-uptake by wheat plants at tillering, booting and harvest (straw and grains) stages compared to K-feldspar under application of organic amendments (Tables 4 & 5) . This result is in agreement with those obtained by Eweda et al. (2007) , Han & Lee (2005) , Abou-el-Seoud and Abdel-Megeed (2012). Potassium plays many important regulatory roles in biochemical and physiological functions of plant growth, although it dose not become a part of the chemical structure of plants (Marschner, 1995) . The application of chicken manure gave a significant increase in N, P and K-uptake of wheat plants at different stages compared to farmyard manure under K-sulphate or K-feldspar application (Sookdeo et al., 2017) . This increase may be due to the high N, P and K content and the low C/N ratio in chicken manure compared to farmyard manure. This result is in a agreement with those obtained by El-Kholy et al. (2000) and Merwad et al . (2013) .
A significant synergetic effect on P and Kuptake of wheat at different stages (P<0.05) was also noticed due to the combined application of potassium sources, organic amendments and silicate dissolving bacteria inoculation than P and K-uptake obtained by untreated soil (Tables  4 and 5 ). Results showed that the application of potassium sources, organic amendments and silicate dissolving bacteria did not significantly increase N-uptake in wheat straw or grains compared with the untreated soil (Table 5) . A significant increase in N-uptake at tillering and booting stages occurred under the interaction of potassium sources, organic amendments and silicate dissolving bacteria compared to untreated soil (Table 4) . Taking the mean effect of interaction among potassium sources, organic amendments and silicate dissolving bacteria into consideration, the data indicated that the application of K-sulphate or K-feldspare combined with chicken manure Styriakova et al. (2003) reported that the activity of potassium dissolving bacteria played a pronounced role in the release of K from Feldspar. Also, Badr et al. (2006) found that potassium uptake improved markedly with inoculation of bacteria in the tested soils compared to corresponding controls.
Available potassium in soil
Under investigation, the values of available potassium (mg kg -1 ) as affected by the application of potassium sources (K-sulphate and K-feldspar) and organic amendments (Ch.M and FYM) inoculated with silicate dissolving bacteria are illustrated in Fig.1 . The treatment of K-sulphate or K-feldspar plus Ch.M with inoculation SDB at 60, 90 and 150 days gave the highest values of available potassium (261, 292 and 255 mg ka -1 , respectively), while the lowest ones (92.3,93 and 88 mg kg -1 , respectively) were found with untreated soil. These results agree with those obtained by Blum and Stillings (1995) . The highest values of available potassium occurred with K-sulphate treatments followed by Kfeldspar and without application of potassium fertilizers in a descending order. The values of available potassium were higher with chicken manure treatments than with farmyard manure ones under the application of K-sulphate and K-feldspar with SDB. These results may be due to the release of amino acids and other organic acids as a result of the decomposition of chicken manure as well, the total potassium content in chicken manure was greater than in FYM (Spaccini et al., 2000 , Sarwar et al., 2008 and Voelkner et al., 2017 . This finding is in agreement with that obtained by Hassan et al. (2002) and Merwad (2009) who reported that the available K was higher in the treatments of CM than in the treatments of biogas manure in all incubation periods. Wahba and Darwish (2008) found that the addition of both compost and feldspar individually or together increased available potassium in sandy and calcareous soils compared to control.
As a general result, the available potassium was remarkably increased after 90 days at all treatments of any potassium sources application and organic amendments with silicate dissolving bacteria. These increases may be due to the microbial activity which has the ability to affect soil reaction in the soil microenvironment leading to solubilizing mineral potassium (Probert et al., 2005 and Mutmainnah, 2016 ) . This finding is in agreement with that obtained by Hellal et al. (2009) and Badr et al. (2006) , the available potassium was remarkably increased after 60 and 90 days of sowing then decreased after 150 days at harvest stage. The increase in the available potassium level after 60 and 90 days may be due to the mineralization of organic amendments and solubilizing action of certain organic acids produced during manure decomposition as well as the significant effect of microbial activities and role of SDB. Similar results were obtained by Badr (2006) who found that the highest values of release potassium was consistent up the end of composting process (feldspar +compost + SDB) after 90 days of incubation. The decrease in available potassium level after 150 days in soil may be attributed to decomposition and/or immobilization of the organic manure source and depletion of available potassium in soil as well as assimilation by microorganisms. This finding is in agreement with that obtained by Girgis et al. (2008) and Merwad et al. (2013) .
Conclusion
As a result of the factors mentioned above, there was a significant effect by the combination of potassium sulphate or Kfeldspar and organic amendments (Ch.M and FYM) with SDB on NPK-uptake, wheat plants growth, yield and available potassium in soil.
The highest values of dry matter yield of wheat plants at the stage of tillering, booting, harvest (straw and grains yield), biological yield, protein content, NPK -uptake and available potassium in soil were obtained by the treatment of (K sulphate or K-feldspar + Ch.M) in the presence of SDB. The available potassium was remarkably increased after 90 days at all treatments by application of various potassium sources and organic amendments with silicate dissolving bacteria. Finally, From economic point of view, this approach of using the naturally deposited materials (K-feldspar) instead of chemical fertilizers or combination together will be very beneficial for the farmers who subsidize the costs of chemical fertilizers (potassium sulphate). 
